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TANK TESTS CF A l/7-SIZE DYNAMIC MODEL OF THE GHU1MM X3B2F-1 
AMPHIBIAN TO DETERMINE TFTF. EFFECT OF SLOTTED - 
AND SPLIT-TYPE FLAPS ON TAKE-OFF STABILITY - NACA MODEL 212 

' TED NO . NACA 237$ 

By Norman S. Land and Howard Zeck 


SUMMARY 

Additional tests of a l/ 7 -size model of the Grumman XJR2F-1 
amphibian were made in Langley tank no. 1 to compare the behavior 
during take-off of the model equipped with split- and slotted- 
type flaps . The slotted flap had a large effect on locating the 
forward center-of -gravity limits for stable take-offs . Stable 
take-offs within the normal operating range of positions of the 
center of gravity- could be made with the split flaps deflected k-3° 
or with the slotted flaps deflected less than 20°. At flap 
deflections required for similar .take-off stability, the use of 
split flaps . resulted in lower taker off speeds than the use of slotted 
flaps. An increase in forward acceleration from 1*1 to 4.8 feet 
per second per second, moved the, center-of -gravity limit forward 
approximately 3 -percent mean aerodynamic chord. 


INTRODUCTION 


The take-off and landing stability of a l/7-size powered dynamic 
model of the Grumman XJR2F-1 amphibian .with slotted flaps has been 
described in reference 1. These results indicated that the range 
of positions of.. the center of gravity for ratable take-off was well 
aft of the desired operating ■ range if- flap deflections of 20° or 
more were -used. In order to take off from rough water at as low a 
speed as possible, this airplane was supppsed tb have satisfactory 
take-off stability with flap deflections of 45°. With such large 
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deflections of the slotted flaps, the how-down aerodynamic pitching 
moments caused excessive lower-limit porpoising. 

Additional tests of the model with the flap design changed 
from the original slotted flap to a split flap of the same plan 
form area was requested hy the Bureau, of Aeronautics in their 
letter of March 27, 19^6, Aer-BD-62-FWSL . It was requested that 
the tests include the determination of the forward limits of the 
center of gravity for stable take-offs with the stabilizer 
incidence decreased and elevators at -30° in combination with the 
split flap and slotted flap. It was thought that the reduction 
in aerodynamic pitching moment with the split-type flap would be 
great enough to permit stable take-offs with full down flaps at 
forward positions of the center of gravity. 

In accordance with the request of the Bureau of Aeronautics, 
Havy Department, the forward limits for stable positions of the 
center of gravity were determined with both types of flaps . These 
data were obtained at two rates of forward acceleration. Sufficient 
aerodynamic teste were made to determine "the approximate lift and 
pitching-mcment characteristics with the two types of flaps . 


DESCRIPTION OF THE MODEL 


The principal dimensions and general arrangement of the model 
are presented in reference 1. The stabilizer was set at -2.5° to 
the wing chord in accordance with changes that had been made in 
the design of the full size. The angle of incidence of the stabilizer 
Is 2° less than that used during the tests described in reference 1. 

The split flaps had the same plan form area as that of the 
slotted flaps . The tip sections of the slotted and split flaps are 
shown in figure 1. 


APPARATUS MD PROCEDURE 


The test procedure was similar to that used in reference 1. 

Unless otherwise specified, the following conditions were 
maintained for all of the tests: 

Stabilizer, 2 .5° to base line 
Leading- edge slats cn wing 
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Position of center of gravity 

Vertical position, 16.06 inches above keel at step 
Horizontal position, 25-percent M.A.C. 

Full power, 75-00 rpm, 12° blade angle at 3A radius 

Nose-'wbeel drains sealed 

Step vented to interior of bull through main wheel- 
well cbmpShtment 

The trim was referred to the base line of ; modal 

Moments -tending to raise the bow were considered positive 

A gross load of 65*2 pounds corresponding to full -"scale design 
gross load was used for all of the take-off stability tests . The - 
forward limits for stable positions of the center of gravity during 
take-off were determined with full power and elevators deflected -30° 
Eecords Were taken of the time history of trim and speed during 
take-off’.. Where possible these redords were supplemented by visual 
observations of maximum amplitude of porposing and trim. All center - 
of -gravity limits were determined for two rates of acceleration, 

1.1 and 4.8 -feet per second per second. At .the higher rate of 
acceleration, it was sometimes difficult to determine whether car not 
the model was starting a cycle of porpoising.. The motion was not 
considered porpoising unless a complete oscillation in trim occurred. 

For the aerodynamic tests, which were made with full power, 
the aerodynamic lift and pitching moments were determined, for a 
range of speeds frcm 22 to 35 feet per second. 

RESULTS AND DISCUSSION 


The variation of the trim with speed during take-off with the 
slotted flaps deflected 5°, 15 °, 20°, and 4-5° is presented in 
figures 2 to 5, respectively. As the flap deflection was increased, 
the free -to- trim tracks were lowered and, with flaps deflected 45° 
and the center of gravity at 32 -percent mean aerodynamic chord, lower 
limit porpoising occurred over most of the take-off run. Since the 
elevators were already full up, a recovery from this porpoising was 
not possible. 

The variation of the trim with speed for split flaps deflected 
45° is presented in figure 6. At positions of the center of gravity 
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of 20 percent and 22 percent mean aerodynamic chord, lower limit 
porpoising occurred during most : of . the take-off. Hie trim tracks 
were s imilar to those vilh .45°: slotted -flaps aiid the center of 
gravity at 30 percent and 3^ percent mean aerody nami c chord. Stable 
take-offs with split flaps (fig.. 6) therefore 'weire possible at more 
forward positions of the center of gravity than with slotted flaps 
at the same defleotion (fig. 5)* 

The maximum ampli^iide Qf porpoising is pl6t ted. against position 
of the center of gravity "in figures 7 and 8* Assuming’ an amplitude 
of 2° as the maximum permissible porpoising during take- off, these 
results may be summarized as a. plot of flap deflection against 
forward limit for the center of gravity-, figure 9« The large shift 
in the forward limit with phange in flap deflection of the slotted 
flaps is cleanly' shown in this figure. A change in flap deflection 
from 5° to 45° shifted the forward limit eft 12- percent mean aero- 
dynamic chord. Satisfactory take-off stability at- positions of the 
center of gravity forward of 25 percent mean aerodynamic chord is 
possible'* holy if - . the deception of the slotted flhps 'is less than 
SQp'i ' .The Lottos* d ^ with the split "flaps deflected ’45°, is , . 

approximately’ the' ,se^ as that obtained with the -siotted flaps 

deflected i2i a » : ' ' ' • 

- ’ 2 . .. 

The effect of acceleration on the trim tracks is shown in 
figures 2 r to 6. Th general, the trim tracks 1 at rates of acceleration 
of 1.1 and feet per second per second, ..respectively, are 
approximately the same except at speeds where porpoising occurred. 

The period of the oscillation in trim , during porpoising, was approxi- 
mately the same at both rates' of .accelerations The effect of 
acceleration 1 oh. -the' forward limit .for .-.the center of '■ gravity 1 b shown 
in figure 9* An increase in acceleration of 3»7 feet per second 
per second shifted the forward limit forward approximately 3 -percent 
mean aerodynamic chord. . v . 

The aerodynamic lift and pitching moment is plotted against speed 
in figures 10 to 13 for slotted flaps deflected© 0 ,' 10°, and 45° and 
for split flaps deflected 45° • For similar take-off stability at 
forward positions of the center of gravity, it- has been shown that 

a 12 deflection of the slotted flap is approximately, equivalent 

to a 459. deflection of the split flaps. . • From. comparison of the 
lifts of .the slotted" and split flaps. it : -ifill. be noted -that at deflections 
of the flaps, .for similar take-off stability, the use of split flaps 
would result in lower take-off speeds than the use of slotted flaps. 

In order to enable comparisons to be ma.de of the -data in -this 
report with that, presented in reference 1, a few take-offs were made 
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with the stabilizer setting of 4.5° to the hull base line and 
elevators deflected -30°. These results are presented in figure 14 
and may be compared with data obtained at the new stabiliser setting 
of 2 . 5 ° to the hull base line presented in figure' 7(c) • The change 
in stabilizer had only a small effect on the maximum amplitudes of 
porpoising and consequently on the forward limit for the center of 
gravity . 


CONCLUSIONS 


Tests of a l/7**size dynamic model of the Gruaman XJB2F-1 amphibian 
showed that: 

1. An increase in forward acceleration from 1.1 feet to 4.8 feet 
per second per second moved the forward limit of the center of gravi ty 
forward approximately 3 percent mean aerodynamic chord. 

2. With a deflection of the slotted flaps of 45° take-off stability 
is satisfactory at positions of the center of gravity aft of 32 par cent 
mean aerodynamic chord at the higher rate of forward acceleration. 

3- With a deflection of the split flaps of 45° take-off stability 
is satisfactory at positions of the center of gravity aft of 22 percent 
mean aerodynamic chord at the higher rate of forward acceleration. 

c 4. The forward center of gravity limit with split flaps deflected 
45 Is appro xim ately the same as that with slotted flaps deflected I2i°. 

For a s imila r range of stable positions of the center of gravity 
for take-off, the use of split flaps results in lower take-off 
speeds than the use of slotted flaps . 
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Figure 2..- Model 212. Variation of trim with speed for two .accelerations. 
Gross load. 65.2 pounds; full power; slotted-type flaps, e>f, 5°; elevator, 
Se, -30°; stabilizer, 6g, 2.5°. 
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Figure if Model 212. Variation of trim with speed for two accelerations. 
Gross load, 65.2 pounds; full power; slotted-type flaps, Sf, 20°; eleva- 
tor, S e , -*0°; stabilizer, Sg, 2.5°. y 1 
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Fig. 7 




Center-of-gravity location, percent M.A.C. 

(c) Slotted flap, G f, 20° cJSSSPL'SSS.c, 
Figure 7.- Model 212. Forward limits for staple 

positions of center of gravity for two accelerations. 

Gross load, 65.2 pounds; full power; elevators, Se> 

- 30 °. stabilizer ^,2. 5°. CONFIDENT|AL 
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Fig. 8 
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Figure 8.- Model 212. Forward limits for stable 
positions of center of gravity for two accele- 
rations. Gross load, 65.2 pounds; full power; 
elevators, S e , -30°$ stabilizer,S s) 2.5°. 
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Center of gravity location, percent M.A.C. 

Figure 9.- Model 212, Effect of flap deflection and type 
of flaps on forward limit for stable positions of the 
center of gravity for two accelerations. Cross load, 
65,2 pounds? full power; elevators, -30°; stabilizer 
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Figure 1 1 Model 212. Variation of aerodynamic lift and pitohing moment with 
speed. Full power; center of gravity, 25 percent M.A.C.; slotted-type flaps, 
6fp 10 °» elevators,^, -30 d ; stabilizer, £ a , 2.5°. 
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Figure 12.- Model 212. Variation of aerodynamic lift and picohing moment with 
speed. Full power; center of gravity, 25 percent M.A.C.; slotted-type flaps, 
£ f, 45°; elevators, g" 0 , -30°; stabilizer, £ a , 2.5°, 
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Flgurel3.- Model 212. Variation of aerodynamic lift tad pitching moment with 
speed. Full power; center of gravity, 26 percent M.A.C. ; split-type flaps, 
St> 46 °> elevators, £ 0 , -30°; stabilizer, £ B , 2.5°. 
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Fig. 14 
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Slotted flap, S f, 23°; stabilizer, S s , 4.5° 

Figure 14-.- Model 212. Forward limits for stable 

positions of center of gravity for two accelerations. 
Gross load, 65.2 pounds; full power; elevators, S e > 
-30°. 
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